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Abstract
Water is an essential and integral part of livelihood but it is becoming scarce and con-
taminated day by day. Moreover, due to huge population growth the demand for water
is rising especially in agricultural, industries and for municipal uses. So, to meet the
rising water demand, reservoirs are constructed in diﬀerent parts of the country to store 5
water during monsoon and supply it throughout the year according to the demand. The
reservoir is also constructed for controlling the peak of high ﬂood which is quite com-
mon in many places. The Dwarakeswar River in the district of Bankura in the State of
West Bengal has only seasonal ﬂow of water. In order to meet the agricultural and mu-
nicipal water requirement throughout the year and also for controlling the ﬂood, it has 10
been proposed to construct a reservoir at Suknibasa on the river near Bankura Town.
The analysis of the performance of this reservoir for meeting various demands (under
historical as well as projected scenario) as well as its capability for moderating ﬂood
has been reported in the present paper. The projected scenario involves the modeling
of streamﬂow for future time frame using the Thomas-Fiering method and the ﬂood 15
moderation analysis involves the estimation of design ﬂood hydrograph for the river at
Suknibasa. The study reveals that the Suknibasa reservoir is capable of meeting all
demands and moderating ﬂood for which it has been proposed to be constructed.
1 Introduction
A river is the major source of surface water from where we could get substantial quan- 20
tity of water for diﬀerent uses. When a barrier is constructed across some river in the
form of a dam, water gets stored up in the upstream side of the barrier forming a pool
of water, generally called reservoir. Reservoir is one of the most important compo-
nents of a water resources development project. The principal function of a reservoir
is to regulate the streamﬂows by storing surplus water in the high ﬂow season, control 25
ﬂoods, and release the stored water in dry season to meet various demands. There
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is slowdown in construction of new projects as construction cost of projects, associ-
ated rehabilitation and resettlement costs have increased manifold over the past few
decades and also as environmental considerations are gaining importance. It is, there-
fore, imperative to assess whether the performance of these costly projects would be
adequate over years before investments are made. 5
The simulation technique associated with reservoir operation which includes mass
balance computation of reservoir inﬂows, outﬂows and change in storage, has provided
a bridge from early analytical tools for analyses of reservoir systems to complex general
purpose packages. Simomovic (1992) points out that concept inherent in simulation
are easier to understand and communicate, allow detailed and faithful representation 10
of a real world system’s performance and can be easily combined with synthetically
generated inﬂow sequences. Chalisgaonkar et al. (2006) reports that simulation meth-
ods are gradually improving their role with regard to inﬂuencing decisions made in the
operational control of actual reservoirs.
Examples of simulation date back to the early 1950s.One of the most popular and 15
widely used generalized reservoir system simulation models is the HEC-5 model devel-
oped by the Hydrologic Engineering Centre (HEC-5, 1982; Wurbs, 1996). Some other
well known simulation models are: Acres model (Sigvaldson, 1976), Streamﬂow Syn-
thesis and Reservoir Regulation (SSARR) Model (USACE, 1987), the Interactive River
System Simulation (IRIS) MODEL (Loucks et al., 1989) and the Water Right Analysis 20
Package (WRAP) (Wurbs et al., 1993). The SSARR model was applied for simulating
river management activities in the Columbia River System and numerous other river
systems in the United States and other countries (Ponce, 1989). The Reservoir Sys-
tem Simulation program, HEC-ResSim, released by the Hydrologic Engineering Cen-
ter in 2007 is the “Next Generation” (NexGen) software packages of the Centre and is 25
designed to be used to model reservoir operations of one or more reservoirs whose
operations are deﬁned by a variety of operational goals and constraints. Lund and Fer-
riera (1996) studied the Missouri River reservoir system and found simulation models
to be superior to classical regression techniques for inferring and reﬁning operating
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rules derived from deterministic DP. Jain and Goel (1977) have presented a general-
ized simulation model for comservation operation of a reservoir system based on rule
curves. Jain and Bhunya (2009) narrated the conventional and advanced techniques of
reservoir operation and investigated the susceptibility of storage reservoirs to drought.
Computer models with conditional variability were also employed to study reservoir op- 5
eration (He et al., 2008). The Chatﬁeld Reservoir Reallocation Project of Colorado Wa-
ter Conservation Board (2003) analyzed the feasibility study to investigate the potential
for reallocation of reservoir storage space from ﬂood control use to multi-purpose use,
including up to 20600 acre-feet for Municipal and Industrial and agricultural uses in
the southern portion of the Denver Metropolitan area, Colorado. Nandalal and Bogardi 10
(1995) presented a methodology for management of Jarreh Reservoir Project on the
Shapur river in Southern Iran. Liebe et al. (2007) studied the operation of Small Reser-
voir Project to improve water availability and economic development in small semi-arid
areas of the Volta Basin, Ghana and Burkina Faso, Ghana. Chalisgaonkar et al. (2006)
developed a Decision Support System (DSS) for simulating the operation of a multi- 15
purpose multireservoir system. Roy and Bose (2001) analyzed the regulation of a mul-
tipurpose multireservoir system of the Damodar Multipurpose River Valley Project in
the State of West Bengal. A computational framework based on simulation model con-
cerning regulation of the multireservoir system (involving daily/weekly/ten-day/monthly
time step) had been developed. The model had been used for evaluation of the per- 20
formance of the system for various conﬁgurations and for working out of rule curve for
reservoir operation. Parhi et al. (2007) studied the implications of the available chance-
constrained models when modiﬁed for reservoir design and operations using the data
of the Ramiala reservoir in the Brahmani basin in Orissa (India).
The present paper reports a simulation technique based analysis of the performance 25
of a reservoir (proposed to be constructed at Suknibasa on the river Dwarakeswar,
District Bankura, State of West Bengal, India) for meeting various demands (under
historical as well as projected scenario) as well as its capability for moderating ﬂood.
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The generation of projected scenario involves the modeling of streamﬂow for future
time frame using the Thomas-Fiering method (based on Markov autoregressive model)
while the ﬂood moderation analysis involves the estimation of design ﬂood hydrograph
using storm maximization technique with Snyder’s Unit Hydrograph.
It may be noted that many inﬂow forecasting models have been proposed for real- 5
time reservoir operation model. The beneﬁts deriving from their use have been shown
by Yeh et al. (1982). Many researchers used autoregressive models for monthly and
yearly streamﬂow forecasting (Hirsch, 1981). Krzysztofowicz and Watada (1986) cal-
ibrated a discrete time, ﬁnite, nonstationary Markov process for forecasting seasonal
snowmelt runoﬀ volume. McLeod et al. (1986) stated that the combination of diﬀerent 10
forecasting methods is useful for assessment of performance of reservoir operation. An
autoregressive model was chosen for 10-day streamﬂow prediction of Tanshui River in
Taiwan by Kuo et al. (1990). Mazzola (1994) modeled monthly streamﬂows using au-
toregressive Markovian Process. Ghosh (1998) generated the monthly ﬂow data of
the river Mahanadi (India) synthetically by Thomas and Fiering method and concluded 15
that annual ﬂow data calculated on the basis of synthetically generated discharge data
compare favorably with the average ﬁgure of the observed annual discharge data. Ku-
mar and Kumar (2006) used seasonal autoregressive moving average approaches for
modeling monthly streamﬂow of Betwa river, India. The annual streamﬂow series for
Godavari river at Gangapur dam site (India) was generated using Autoregressive model 20
by Tanpure et al. (2006).
Again it may also be noted that since its inception in 1938, Snyder’s method of gen-
eration of Unit Hydrograph for ungauged catchments has been used by various re-
searches worldwide (HEC-1, 1968; Boggild et al., 1999; HEC-HMS, 2000; Das, 2000;
Atre et al., 2005; Watershed Modeling System, 2009, and Subramanya, 2003). It may 25
further be noted that Kumar et al. (2007) reported Design Flood estimation of river Tons
in North India.
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2 Study area
The Dwarakeswar river basin is one of the 26 river sub-basins of the State and is un-
der the Ganga-Bhagirathi system. The basin, located between longitudes 86
◦31
0 and
87
◦51
0 E and latitudes 22
◦37
0 and 23
◦33
0 N, occupies a total area of about 4673km
2.
The river is about 220km in length and passes through the three districts within the 5
State namely, Purulia, Bankura and Hooghly and releases ultimately into the Rup-
narayan, a right bank tributary of the Bhagirathi-Hooghly in its lower reaches (Fig. 1).
The Gandheswari, Beko, Dudhbhariya, Dangra, Futiary, Arkasa, Birai are some of the
prominent tributaries of the Dwarakeswar in the upper basin. Geologically, the upper
Dwarakeswar basin is mainly hilly region in continuance of the Chhotanagpur plateau. 10
The master slope of the area tends towards the South-East direction. In the extreme
north-western part, towards Chhotanagpur plateau, undulations are more pronounced.
3 Data acquisition
Historical monthly rainfall data for eleven years (1990–2000) has been collected from
Investigation and Planning Division, I&WD, Govt. of West Bengal, Purulia, for the rain- 15
gauge stations located in the watershed and has been used to determine the mean
precipitation. Historical monthly rainfall data for thirty four years (1975–2008) for the
raingauge station located at Bankura has been collected from Irrigation Division, Govt.
of West Bengal, Bankura. Other meteorological data such as maximum and minimum
air temperature, relative humidity, wind speed, solar radiation and vapor pressure have 20
been collected from meteorological observatory, Govt. of West Bengal, at Bankura.
Discharge data at Suknibasa gauge station spanning over the year 1995–2006 has
been collected from Investigation and Planning Division, I&WD, Govt. of West Bengal,
Burdwan. The toposheets (73I/11, 73I/14, 73I/15, 73I/16, 73M/3 and 73M/4) have been
collected from Survey of India, Govt. of India. The temporal distribution of rainfall has 25
been collected from Investigation and Planning Division, I&WD, Govt. of West Bengal,
Purulia.
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4 Methodology
4.1 Performance analysis of the reservoir in meeting water demand
The Simulation operation of the reservoir for meeting conservation need is based on
the following equation (HEC-5, 1982)
Sj =Sj−1+Ij +Pj −Lj −Ej −Rj (1) 5
Where, Sj and Sj−1 are the storage volumes at the end of the current month j and at
the end of the previous month (j−1), respectively. Ij is the volume of water ﬂowing into
the reservoir during the j-th month. Pj is the precipitation volume over the reservoir
during the j-th month. Lj and Ej are the seepage loss and evaporation loss from the
reservoir, respectively, and Rj is the release of volume of water from the reservoir to 10
meet the various demands.
The work is carried out in the following steps for both historical and projected (syn-
thetic) streamﬂow scenario.
4.2 Delineation of catchment of the river
Drainage network and elevation contours have been digitized using Survey of India 15
toposheets at 1:50000 scales using Map Window GIS software. The catchment area
and length of the Dwarakeswar River upto the Suknibasa reservoir have been found to
be 755.05km
2 and 49.7km, respectively. The average slope of the upper basin upto
Suknibasa has been computed to be about 2.01mkm
−1.
4.3 Computation of mean precipitation by the Thiessen-polygon method 20
The Thiessen-polygon method has been used to determine the mean rainfall over the
Dwarakeswar River basin using the monthly rainfall data available for the ﬁve raingauge
stations namely Bankura, Hura, Kashipur, Susunia, Saltora (Fig. 2).
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The evaporation loss from the reservoir has been calculated from the Open water
evaporation data and the seepage loss has been considered as 0.5 percent of the
reservoir volume (Ramos, 1997).
4.4 Computation of historical water demand in the command area
4.4.1 Agricultural water requirement 5
Crop water requirement (ETc) is calculated by the following formula (FAO Irrigation and
drainage paper no. 56, 1998)
ETc =KcETo (2)
Where, ETo =Reference Potential Evapotranspiration, Kc =crop factor.
The monthly meteorological data of Bankura has been used to determine the Ref- 10
erence Potential Evapotranspiration by the Fao Penman-Montieth based combination
formula for a single reference crop. The eﬀective rainfall has been derived using USDA,
SCS Method (Food and Agricultural Organization of the United States, Irrigation and
Drainage paper). The FAO methodology has been adopted for estimating irrigation
water requirements for rice and all other crops which has been shown in Table 1. 15
The total cultivable land for Kharif and Rabi crop has been reported to be 333.35km
2
and 21.10km
2, respectively (Report of I&WD, Govt. of West Bengal, 1996).
4.4.2 Municipal water demand
Water demand for domestic purposes of rural and urban population of Bankura Town,
Jhanti-pahari township and of the command area have been calculated on the basis 20
of the guidelines prepared by the Expert Committee, Central Public Health and En-
vironmental Engineering Organisation, Ministry of Works and Housing, Govt. of India
(Report of Expert Committee on Irrigation, June 1987; Irrigation and Waterways De-
partment, Govt. of West Bengal) and has been computed as 19.38Mm
3.
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4.4.3 Industrial water demand
No major or medium industry is located in the Dwarakeswar river basin. So, the water
requirement for industrial purpose is not taken into account in the simulation study of
the reservoir.
4.4.4 Downstream ﬂow release to Pratappur Barrage 5
The ﬂow release to Pratappur Barrage (at the conﬂuence of the Dwarakeswar and
Gandheswari rivers and over the river Dwarakeswar, downstream of Suknibasa (Fig. 2))
is also taken into account in the simulation study.
4.5 Calculation of storage volume
The storage volume of the reservoir has been calculated using Eq. (1) and the cor- 10
responding reservoir level and area of the reservoir have been calculated from the
storage-elevation curve (Fig. 3) and the area-elevation curve (Fig. 4), respectively.
The reservoir storage and its corresponding volume and level for the Suknibasa
reservoir have been given below:
Reservoir storage Volume (ham) Level (m)
Full storage 9656 120.8
Dead storage 2400 115.4
Live storage 7256 119.2
Initial storage 2400 115.4
15
4.6 Generation of projected (synthetic) streamﬂow scenario
In a statistical sense, the historical record of streamﬂow is a sample out of a population
of natural streamﬂow process. If this process is considered stationary (the statistical
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properties such as mean, standard deviation of a series do not change with time), many
series representing such samples can be formulated that will be statistically similar to
the historical record. This is the basis of the synthetic technique. Thus the generated
ﬂows are neither historical ﬂows nor a prediction of future ﬂows but are representative
of likely ﬂows in a stream. The Markov chain model (Gupta, 1989) is one method for 5
generating synthetic streamﬂow.
Thomas and Fiering used the Markov chain model for generating monthly ﬂows by
taking into consideration the serial correlation of monthly ﬂows . The general Markov
procedure of data synthesis comprises: (1) identifying the frequency distribution of
the historical data, (2) determination of statistical parameters from the analysis of the 10
historical record, (3) generating random numbers of the same distribution and statistical
characteristics, and (4) constituting the deterministic part considering the persistence
(inﬂuence of previous ﬂows) and combining with the random part.
The model uses the following recursion equation:
qi,j =qj +bj
 
qi−1,j−1−qj−1

+ti,jSj

1−r2
j
1/2
(3) 15
Where qj and qj−1 are the discharge volumes during j-th and (j−1)-th months, respec-
tively, qj and qj−1 are the mean monthly discharge volumes during j-th and (j −1)-th
months, respectively. Sj is the standard deviation for j-th month, rj is the correlation
coeﬃcient between the j-th and (j−1)-th month, ti,j is the random independent variate
with zero mean and unit variance. Here i is the year and j is the month. 20
bj =rj
 
Sj
Sj−1
!
; qj =
P
qj
N
; Sj =


P 
qj −qj
2
(N−1)


1/2
;
rj =
P
qjqj−1−
 P
qj
P
qj−1

/N
qP
q2
j −
 P
qj
2/N
qP
q2
j−1−
 P
qj−1
2/N
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Where N is the number of years for which the record is available.
Testing for statistical similarity of the generated ﬂow record with the historical record
involves the comparison of the mean and standard deviation of the computed stream-
ﬂow series and the historical streamﬂow series of 12 years as given below:
Mean (%)=
q−q
0
q
×100 (4) 5
Where q is the observed mean monthly discharge volume; q
0 is the computed mean
monthly discharge volume.
SD (%)=
S−S
0
S
×100 (5)
Where S is the Standard Deviation of the observed streamﬂow and S
0 is the standard
deviation of the computed streamﬂow. 10
4.7 Indices for evaluation of the performance of the Suknibasa reservoir in
meeting various water demands
The performance of the Suknibasa reservoir for both the historical and the projected
scenario has been evaluated based on diﬀerent indices deﬁned below:
Time based reliability (RI1): It is the ratio of number of stages during the simulation 15
for which demands could be met and the total number of stages in the simulation.
Average severity of duration of failure (RI2): It is the ratio of sum of number of con-
secutive failure stages for each individual set of failure and total number of such failure
sets during the whole period of simulation. In fact it is the average duration of the period
in which the system is in a failure mode. 20
Duration based reliability (RI3): It is the ratio of sum of number of consecutive non-
failure (or success) stages for each individual set of success and the total number of
such non-failure sets during the whole period of simulation. It is the average number of
consecutive time steps in which the system succeeds to meet the demand.
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Mean daily deﬁcit (RI4): It is the ratio of the sum of deﬁcit in demand and the number
of failure stages over the whole period of simulation.
Resilience (RI5): It is the longest duration of consecutive periods of failure.
RI6 is the longest duration of consecutive periods of success.
Maximum Vulnerability (RI7): It is the magnitude of the largest failure event. 5
Frequency of maximum vulnerability (RI8): It is the number of stages during which
the largest failure event occurs.
4.8 Computation of water demand in the command area for the projected
scenario
4.8.1 Agricultural water demand 10
The cultivable land area has been estimated to be 436.09km
2 using the Google Earth
and the Free View Software. Thus, the additional cultivable area over and above the
prevailing one turns out to be 81.64km
2 (436.09−354.45). This additional agricultural
area was targeted to be brought under irrigation by the year 2014. This necessitates
an annual increment of irrigated area by 20% during 2009–2014. 15
4.8.2 Municipal water demand
It has been reported that the rate of population growth in the State is about 15% during
the last decade (Chakravarty, 1991). This rate of growth in population was adopted to
project population in the Dwarakeswar river basin.
4.9 Performance analysis of the reservoir in controlling ﬂood 20
This involves the estimation of design ﬂood hydrograph and routing the same through
the reservoir.
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4.10 Estimation of Design Flood
4.10.1 Generation of Unit Hydrograph by Snyder method
The Snyder’s equation relates the basin lag tp to the basin characteristics as
tp =CCt(LLca)0.3 (6)
Where L=basin length measured along the water course from the basin divide to the 5
gauging station in km. Lca =distance along the main water course from the gauging
station to a point opposite the watershed centroid in km. Ct =a regional constant repre-
senting watershed slope and storage. C= a conversion constant (0.75 for SI system).
The eﬀective rainfall duration (tr) is given as
tr =
tp
5.5
(7) 10
For a non-standard rainfall duration tR h instead of standard value tr the basin lag is
given as
t0
p =tp+
tR −tr
4
(8)
Where t
0
p =basin lag in hours for a rainfall duration of tR h.
The peak discharge Qp (m
3 s
−1) of a Unit Hydrograph for nonstandard eﬀective rain- 15
fall of duration tR h is
Qp =2.78·Cp·A/t0
p (9)
Where A=catchment area in km
2 and Cp =a regional constant accounting for storage
and other runoﬀ conditions.
The time to peak of the Unit Hydrograph is given by 20
tpk =
tR
2
+t0
p (10)
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The widths of Unit Hydrographs (in time units) at 50% and 75% of the peak discharge
have been found for US catchments by the US Army Corps of Engineers as given
below
W50 =
5.87
q1.08 (11)
and 5
W75 =
W50
1.75
(12)
W50 =width of Unit Hydrograph in hour at 50% peak discharge; W75 =width of Unit
Hydrograph in hour at 50% peak discharge.
The time base of a Unit Hydrograph is given by Snyder as
tb =3+
t
0
p
8
days=(72+3t0
p) hours (13) 10
The actual Unit Hydrograph has been drawn primarily on the basis of Qp, tp and tb
with the remaining values used as guidelines as has been suggested by Ponce (1989).
4.10.2 Generation of Probable Maximum Precipitation for the basin
The Probable maximum Precipitation (48h) has been computed using ﬂood-frequency
method with T=1000 years (following the Guidelines for selecting Design Floods (CWC, 15
India)).
4.10.3 Generation of 3 hourly precipitation corresponding to Probable Maxi-
mum Precipitation for the basin
A 3 hourly rainfall distribution corresponding to Probable Maximum Precipitation has
been generated using the temporal distribution of rainfall data for Bankura Station. 20
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4.10.4 Generation of critical sequence of rainfall
The 3-hourly design excess-rainfall values of 48h have been so arranged that the
highest hourly value of the excess-rainfall is placed against the highest value of the
ordinate of the Unit Hydrograph and second highest value is placed against the second
highest ordinate of Unit Hydrograph and so on. The so arranged sequence is then 5
reversed to generate the critical sequence of rainfall (Kumar, 2007).
4.10.5 Generation of design ﬂood hydrograph
The critical sequence of excess rainfall has been applied to the Unit Hydrograph for the
computation of the design direct runoﬀ hydrograph. A constant base ﬂow of 30 cumec
(report of I&WD, Govt. of West Bengal, 1996) has been added to obtain the design 10
ﬂood hydrograph.
4.11 Routing the design ﬂood through the reservoir
The generated hydrograph was routed through the reservoir and the outﬂow hydro-
graph was generated using the Modiﬁed Pul’s method by the following formula:

I1+I2
2

∆t+

S1−
Q1∆t
2

=

S2+
Q2∆t
2

(14) 15
Where, I1 and I2 are the inﬂow rate at the beginning and at the end of the time interval
∆t.
Q1 and Q2 are the outﬂow rate at the beginning and at the end of the time interval
∆t.
S1 and S2 are the storage of the reservoir at the beginning and at the end of the time 20
interval ∆t.
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5 Results and discussion
5.1 Generation of streamﬂow data
5.1.1 Identiﬁcation of distribution
The streamﬂow series was found to follow log-normal distribution- the streamﬂow data
was found to lie within the 95% conﬁdence level as obtained from the Chi square test. 5
5.1.2 Determination of statistical parameters
The mean and standard deviation of the logarithms of the historic ﬂow series for the
year 1995 to 2006 have been calculated.
The Thomas Fiering Model has been used to estimate the probable sequence of
streamﬂow series for 20 years of the Dwarakeswar River at Suknibasa gauge station. 10
The mean and standard deviation of the computed streamﬂow series for the months of
June, July, August, September, October have been compared with the mean and stan-
dard deviation of the observed streamﬂow series of 12 years for the months of June,
July, August, September, October and the percentage errors have been calculated and
are shown in Table 2. 15
The mean of the estimated streamﬂow has been found to diﬀer from the observed
ones by 1.76%, 5.95%, 2.43%, 0.45% and 7.69% for the month of June, July, August,
September and October, respectively, and the standard deviation of the computed
streamﬂow varies from the observed ones by 13.38%, 9.42%, 10.72%, 15.22% and
22.81% for the month of June, July, August, September and October, respectively. The 20
results indicate that the estimated monthly streamﬂow data compare favorably well with
the observed data and has been used for analyzing the performance of the reservoir
in projected scenario.
Ghosh (1998) generated the monthly ﬂow data of the river Mahanadi (India) synthet-
ically (by Thomas and Fiering method) and concluded that annual ﬂow data calculated 25
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on the basis of synthetically generated discharge data compare favorably with the av-
erage ﬁgure of the observed annual discharge data (diﬀerence being 7.91%). Tan-
pure (2006) generated the annual streamﬂow for Godavari River (India) synthetically
by Autoregressive model and concluded the suitability of the model to describe the
streamﬂow on the basis of closeness of mean and standard deviation of generated 5
and historical streamﬂow data (the discrepancy in the two mean values is 3.58%; the
discrepancy in the two s.d. values is 3.68%).
5.2 Performance of the Suknibasa reservoir in meeting various demands
The values of the Performance Indices of the Suknibasa reservoir in meeting various
demands for both historical (12 years) and projected (5 years) scenario are shown in 10
the Table 3.
It may be seen from the index RI1 under sub-column 1 that the percentages of suc-
cess of the reservoir in meeting the various demands like downstream ﬂow release
to Pratappur Barrage, municipal requirement and irrigation requirement are 91%, 93%
and 85% in the historical scenario. The percentages of success of the reservoir in 15
meeting the above mentioned demands are 100%, 100% and 95% respectively for the
projected scenario obtained from the index RI1 under sub-column 2. The indices RI2
and RI3 shows that the average number of consecutive time steps in which the system
succeeds to meet the demands is higher than the average duration of the period in
which the system is in a failure mode for both the historical and projected condition. It 20
has been found from the indices RI5 and RI6 that the longest duration of consecutive
periods of success is larger than the longest duration of consecutive periods of failure
for both the historical as well as projected scenario. The results indicate that reservoir
is capable of meeting all the demands.
Mazzola (1994) reported the RI5 values( for deﬁcit higher than 30%) to be 5 months 25
for the management of Rosamarina reservoir on the San Leonardo River in Sicily.
For DVC reservoir system, India, Roy and Bose (2001) reported the RI1 value for
Tilaya reservoir as 0.74, for Maithon reservoir as 0.82, for Konar reservoir as 0.61, for
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Panchet reservoir as 0.91 and for Durgapur barrage as 0.96, the RI5 value for Tilaya
reservoir as 273 days, for Maithon reservoir as 180 days, for Konar reservoir as 277
days, for Panchet reservoir as 80 days and for Durgapur barrage as 14 days and the
RI7 value for Tilaya reservoir as 4.89 MCM, for Maithon reservoir as 39.1 MCM, for
Konar reservoir as 694.56 MCM, for Panchet reservoir as 39.1 MCM and for Durgapur 5
barrage as 122.28 MCM.
Kindler and Tyszewski (1989) in course of their study on Dobczyce reservoir sup-
plying water to the city of Cracow in Southern Poland quoted the following reliability
indices:
RI1=0.964, RI5=nine 10-day period and RI7=3.71m3 s−1. 10
5.3 Generation of Unit Hydrograph
The Unit Hydrograph obtained by the Snyder method is shown in Fig. 5.
The time lag (tp) and peak discharge (Qp) obtained from the Snyder method ﬁt well
in the graph of tp (hours) vs. Qp (cumecs/km
2) of the Lower Ganga Plains given in the
Lower Ganga Plains Sub Zone-1(g), Central Water Commission Hydrology (Regional 15
Studies), Govt. of India.
5.4 Critical sequence of rainfall excess increment for the 2-day design storm
Based on historical data for thirty four years (1975–2008) the 2-day maximum rainfall
has been computed as 59.4cm for T=1000 years. It may be noted that the 2-day
Probable Maximum Precipitation (PMP) of Bankura has been estimated to be 60cm 20
using the guide curves (prepared by IMD) showing isohyetal lines for maximum storm
depths that may result from the severest storm of 2-day and 3-day duration (Garg,
1973).
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5.5 Design ﬂood hydrograph
Design ﬂood hydrograph for the basin at Suknibasa was generated and is shown in
Fig. 6.
5.6 Flood routing computation
Design ﬂood hydrograph and outﬂow hydrographs from the ﬂood routing study through 5
the reservoir have been shown in the Fig. 6.
The result of routing the ﬂood hydrograph through the Suknibasa reservoir shows
that owing to the storage eﬀect, the peak of the outﬂow hydrograph has been smaller
than that of the inﬂow hydrograph. The peak attenuation has been estimated to be
407.03m
3 s
−1 and the peak lag is 2h. 10
6 Conclusion
– The projected runoﬀ series for the Dwarakeswar river at Suknibasa was success-
fully generated by Thomas-Fiering method. The deviation of the mean of the
estimated streamﬂow from the observed ones was found to lie in the range 0.45%
to 7.69% and the deviation of the standard deviation of the estimated ﬂow series 15
from the observed ones was found to lie in the range 9.42% to 22.81%
– Unit Hydrograph for the basin has been generated by the Snyder method and
Design ﬂood hydrograph for the basin has been estimated. The time lag (tp) and
peak discharge (Qp) associated with the aforementioned Unit Hydrograph ﬁts well
in the graph of tp (hours) vs. Qp (cumecs/km
2) of the Lower Ganga Plains given 20
in the report on Lower Ganga Plains Sub Zone-1(g), Central Water Commission
Hydrology (Regional Studies), Govt. of India
– Design Flood Hydrograph for the basin at Suknibasa was also generated.
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– The analysis of the performance of this reservoir for meeting various demands
(under historical as well as projected scenario) as well as its capability for moder-
ating ﬂood has been carried out. The study reveals that the Suknibasa reservoir
is capable of meeting all demands and moderating ﬂood for which it has been
proposed to be constructed. 5
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Table 1. Monthly Irrigation Water Requirement for diﬀerent crops in mm.
Crop Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Paddy 0 0 0 0 0 0 221.33 71.61 163.8 0 0 0
Wheat 141.98 43.68 0 0 0 0 0 0 0 99.82 82.8 138.88
Mustard 0 0 0 0 0 0 0 0 0 0 52.2 118.32
Potato 113.68 0 0 0 0 0 0 0 0 99.82 75.6 120.28
Total 255.66 43.68 0 0 0 0 221.33 71.61 163.8 199.64 210.00 377.48
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Table 2. Computed and observed mean and standard deviation.
Jun Jul Aug Sep Oct
Observed mean 0.8671 1.6191 1.8702 1.7586 1.1894
Computed mean 0.8518 1.7154 1.8248 1.7506 1.098
Error% 1.7642 5.9469 2.4288 0.4522 7.6858
Observed S.D. 0.7519 0.4593 0.5483 0.4229 0.9121
Computed S.D. 0.6513 0.5027 0.4896 0.3585 0.7041
Error% 13.3751 9.4175 10.7156 15.2207 22.8098
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Table 3. Performance Indices of the Suknibasa reservoir for the historical and the projected
condition.
Demands
RI1 RI2 RI3 RI4 (ham) RI5 (month) RI6 (month) RI7 (ham) RI8
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Downstream ﬂow
release to Pratappur
Barrage
0.91 1 7 0 17.5 35 197.93 0 7 0 35 35 1385.5 0 7 0
Municipal requirement 0.93 1 8 0 31.5 60 159.29 0 8 0 63 60 1284.9 0 8 0
Irrigation requirement 0.85 0.95 8 0 40 31 1596.35 1814.23 8 1 40 31 7784.78 3036.59 8 1
1 – denotes historical condition; 2 – refers to projected condition
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Fig. 1. Location of the Dwarakeswar river.
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Fig. 2. Catchment area delineation of the river Dwarakeswar.
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Fig. 3. Capacity vs. elevation curve.
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Fig. 4. Area vs. elevation curve.
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Fig. 5. Unit Hydrograph.
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Fig. 6. Design ﬂood hydrograph and the routed outﬂow hydrograph.
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